Introduction
With the advent of digital technologies, digital preservation is becoming a necessity for academic institutions. However, as digital technologies become more sophisticated, it is likely that they are going to trigger more changes in the way academic institutions practise and deliver on their mandate. These changes provide compelling reasons for academic libraries to rethink their structures, operations and services to remain relevant in this digital era. Wawrzaszek and Wedaman (2008) emphasised that the libraries must actively embrace the changes in the information environment in order to fulfil its traditional mission and to stay relevant in the digital world. Academic libraries have now expanded their scope to include generating, collecting, organising, capturing and preserving digital materials. However, digital preservation has become a significant problem facing academic libraries today and it poses immense challenges for libraries attempting to preserve their digital materials and data repositories.
The challenges of long-term preservation of digital information have also been recognised by archival and academic institutions around the world. In 1996, the Task Force on Archiving of Digital Information (TFADI) identified a need for trusted organisations capable of providing long-term digital preservation (Waters & Garret 1996) . The TFADI developed the Trustworthy Repositories Audit and Certification (TRAC) checklist for 90 organisational, technological and digital object management criteria for digital repositories (RLG/NARA 2007) . The University of Manchester (UML) in UK has also been in the forefront in developing a digital preservation strategy for facilitating perpetual access to its digital materials (UML 2014 (InterPARES) projects also provide useful insights into the preservation of digital resources (Duranti & Preston 2008) . The Scalable Preservation Environments (SCAPE) also developed a framework for automated, quality-assured preservation workflows and integrated these components into a policy-based preservation planning and watch system (Palmer 2014) . All these initiatives are aimed at addressing the challenges posed by digital information.
The Council of Canadian Academies (2015) also observed that libraries, archives and museums are facing numerous challenges as they attempt to adapt the digital age. This included dealing with rapid obsolescence of the technology used, making accessible mass quantities of digital data and remaining trusted as repositories that hold documentary evidence of scholars and citizens. The phenomenal growth of digital content has therefore posed a number of challenges for preserving digital resources in academic libraries. Furthermore, studies undertaken by Ngulube (2012) , Sigauke and Nengomasha (2011) and Kanyengo (2006) underscore the enormous challenges the institutions in Africa face when it comes to preserving digital resources, despite placing the efforts to promote digital preservation. Among others, the problems include:
• lack of trained staff or experienced library and information science (LIS) professionals in management and preservation of digital resources in the academic libraries; • poor technological infrastructure and adequate resources to enable preservation practices; • lack of policies, standards and procedures to regulate the creation, storage, retrieval and preservation of digital information resources; • poor collaboration efforts and partnerships. Raju (2014) noted that the digital revolution has also impacted significantly the knowledge and skills requirements for LIS professionals practising in this environment as they need to be relevant to the electronic setting created by technological changes. According to Halder (2009) , LIS professionals are stressed because they lack information, clarity and knowledge about handling the acquisition of electronic or digitised resources, data entry, data coordination and administrative requirements, specialised skills, experience, attitude, training and maximum attention. The question is how do the traditional library mission, structure, processes and staffing get transferred to this new environment and remain relevant in the digital era? This dramatic change to the digital era and associated challenges of preserving digital assets have therefore entrenched the dire need for best practices and strategies in ensuring long-term preservation of digital resources in academic libraries.
Against this background, academic libraries in South Africa were investigated in order to establish if they were also experiencing similar changes that are compelling academic institutions around the world to adopt digital preservation, and the challenges hindering the effective preservation of their digital resources.
Problem statement
The increasing application of digital technologies in the world has undoubtedly raised various opportunities and challenges in the practice of librarianship. According to Maxwell (2006) , one instance of the library's sacred role is to provide a sense of immortality and that the library will remain stable and dependable even in an ever-changing external environment. The change to a digital world has raised serious and pressing issues on how to organise, access and preserve digital resources, created by academic institutions, into perpetuity. The major challenge faced by academic institutions is to ensure that users can access their digital content that has been ingested in their institutional repositories (IRs) and other institutional archives over a long period of time through digital preservation. Digital preservation aims at ensuring that digital content remains accessible to user communities for a long period of time and for future generations. The long-term access to digital materials is questioned and this uncertainty is a major hurdle that prevents libraries from moving fully from an analogue to a digital environment. Digital preservation has, however, become a significant problem facing academic libraries today and it posed immense challenges for libraries and archives attempting to preserve their digital materials and data repositories. Studies undertaken by Ngulube (2012) , Sigauke and Nengomasha (2011) and Kanyengo (2006) underscore the enormous challenges that most organisations in African countries are confronted with when it comes to the preservation of digital resources, despite the efforts that have been made to promote digital preservation. Academic institutions risk losing vital digital information if all these challenges are not addressed or if urgent measures are not taken to rescue deteriorating conditions. Little is known about how academic libraries in South Africa are dealing with the difficulty of ensuring that their electronic resources remain accessible for the current and future generations. The main question is as follows: what are academic institutions in South Africa doing to ensure long-term access to their electronic resources? The following objectives were formulated to address this research problem:
• to establish the extent to which digital preservation programmes are implemented in academic libraries; • to determine the challenges hindering the effective preservation of digital materials in academic libraries; • to assess whether management in academic libraries supports digital preservation practices.
Literature review
This section presents the changing library environment and an overview of digital preservation. (Choi & Rasmussen 2009:457) . These institutions are presently faced with not only the decision on what books and journals to acquire to satisfy faculty and students but also on how to remain relevant in the digital era (Anunobi & Okoye 2008) . As also observed by Campbell (2006) , numerous creative and useful services have evolved within academic libraries in the digital age, including providing quality learning spaces, creating metadata, offering virtual reference services, managing resource licenses, collecting and digitising archival materials, as well as developing and maintaining digital repositories. According to Wawrzaszek and Wedaman (2008) , the success of the academic library in the digital world will, to a large extent, depend on higher education's response to this changing environment.
This change to modern digital information environment has prompted several projects and initiatives such as IRs and digital libraries. Guenther (2000) also observed that the demands of users for access to information have forced libraries to increasingly adopt a 24-h facility for core services and to offer these through what is often called the digital libraries. This shift from print to digital collections has therefore resulted in more innovations such as digital libraries. A digital library has been described as an environment that brings together collections, services and people in support of the full life cycle of creation, dissemination, use and preservation of data, information and knowledge, which form an integral part of the services of a library, and applies new technology to provide access to digital collections (IFLA/UNESCO 2010). Digital preservation action must be at the heart of any future digital library research agenda, given the core dependency of digital libraries on guaranteeing the authenticity, integrity, interpretability and context of the digital material across systems, time and context (Ross 2012 The changing information environment that is characterised by the digital revolution has also changed the role of information professionals in academic libraries, and they have the fundamental role in managing and preserving digital resources. They should be able to communicate the requirements related to digital libraries, formulate strategies for organising and preserving digital resources, integrate technologies, tools, software and media within existing functions of collection management and provide access to digital resources.
The concept of digital preservation
For decades, libraries have managed their information in various analogue formats (hard copy) including parchment, paper, videotape and photographic film, and they now need to preserve their digital resources for as long as they are needed. It is therefore important to understand what digital preservation is and how it can be used effectively to preserve collective knowledge for future generations (Perry 2014) . The concept of digital preservation was originally developed in libraries as an aid to ongoing library analogue preservation efforts and it is a relatively new one that has developed side by side with concepts such as digital libraries (Chowdhury 2010:209) and digital curation (Beagrie 2006:4) . Digital preservation interests different organisations and has been defined in various ways by various authors. Beagrie and Jones (2008) describe digital preservation as a series of managed activities necessary to ensure continued access to digital materials for as long as they are necessary. Das, Sharma and Gurey (2009) define digital preservation as aiming to ensure protection of information of enduring value for access by present and future generations, and hence it consists of planning, resource allocation and application of preservation methods and technologies necessary to ensure that digital information of continuing value remains accessible and usable. Digital preservation is also explained as a combination of policies, strategies and actions to ensure that digital objects remain authentic and accessible to users and systems over a long period of time, regardless of the challenges of component and management failures (American Library Association [ALA] 2018). Ruusalepp and Dobreva (2013) describe preservation as a complex activity not only because of the increasing complexity of digital objects, but also because the context of use needs to be recreated. This means sustaining not only the data, but also any specific software that was used to work with the data and the technological infrastructure. It is therefore important not only to preserve the record itself, but also the hardware and software it was created on and designed to be used with. The selected preservation methodology must therefore allow the preserved entities to continue to be readable and usable, regardless of any technological changes to the underlying hardware or software environments (Ruusalepp and Dobreva 2013) . The preserving organisation should account for these technological changes so that the entities may continue to be migrated to newer platforms as needed to avoid technological obsolescence. This means that institutions must create mechanisms that allow for the determination of authenticity, based on the trustworthiness of the source of the digital entities and the chosen method of their transmission through time, and then adopt the necessary methods and strategies to preserve them in a sustainable way. Digital curation is one of such attractive strategies. In this study, digital preservation is therefore perceived as a combination of plans, strategies, actions, policies, procedures, resource allocation, preservation methods and technologies (ALA 2018; Beagrie & Jones 2008; Das et al. 2009 ).
Digital preservation can be divided into the following levels of access (Ruusalepp & Dobreva 2013 ):
• long-term preservation -continued access to digital materials or at least to the information contained in them indefinitely; • medium-term preservation -continued access to digital materials beyond changes in technology for a defined period of time but not indefinitely; • short-term preservation -access to digital materials either for a defined period of time while use is predicted but which does not extend beyond the foreseeable future or until it becomes inaccessible because of changes in technology.
This article focuses on the long-term preservation of digital resources in South African academic libraries.
Methodology
A quantitative research methodology and survey research design was adopted. The conceptual framework was also adopted in this study in line with the positivist research paradigm; however, the research started with theory because it was a quantitative study. As pointed out by Ngulube (2018) and Ngulube, Mathipa and Gumbo (2015) , social science researchers start out with models and then progress to concepts that represent an identified research problem within a subject matter and collect data to understand and establish linkages between concepts. This study thus followed the same pattern by reviewing theoretical models, collecting data and establishing linkages between concepts through interpretation and discussion of findings. A survey questionnaire was used as a data collection instrument. The questionnaire was pretested to get opinions of three experts on digital preservation from the Council for Scientific and Industrial Relations (CSIR) and University of Pretoria, and modified based on expert's comments and suggestions. Following this, the survey questionnaire was distributed to all 27 academic institutions in South Africa, so all these institutions constituted the target population and no sampling was carried out. One questionnaire was sent to the head or director in each academic library in South Africa. In other words, the complete collection ensured that all 27 academic libraries were covered in the study, of which only 22 completed questionnaires were returned, giving a response rate of 81.5%. The Statistical Package for the Social Sciences was used for data analysis. This software package was chosen because it offers the most comprehensive solution for reporting, modelling and analysing data (Powell & Connaway 2004) . For that reason, the study used descriptive statistics such as frequencies, percentages, cross-tabulation, pie charts and bar graph to assess digital preservation practices in academic libraries in South Africa. The study focused on digital preservation practices in academic libraries, not public libraries or school libraries, and the results of the study are thus limited to academic libraries in South Africa and cannot be generally applied to other libraries.
Findings and discussion
This section provides the findings on the extent to which digital preservation practices were implemented in academic libraries before presenting the findings on the other objectives.
Extent to which digital preservation programmes were implemented
The results from the questionnaire confirmed that the majority of academic libraries were deeply committed to implementing digital preservation programmes in their institutions. Overwhelmingly, 15 (68.2%) of the respondents indicated that they had a formal digital preservation programme in their institutions, while only a few (7, 31.8%) respondents indicated that they did not have a formal preservation programme. Again, the majority (21, 95.5%) of respondents further stated that they had undertaken efforts to preserve digital materials in their institutions. Lastly, only one (4.5%) respondent indicated that they had not undertaken any effort to preserve their digital materials. This is also confirmed from the literature review that the majority of African libraries, particularly in South Africa, have digitised their scholarly output. Also, these libraries have already established IRs and digital libraries to preserve their digital materials (Macha & De Jager 2011; OpenDOAR 2015; Pienaar & Van DeVenter 2007) .
The implication of the findings is that most academic libraries were fully committed to digital content preservation and they were thus prioritising their digital preservation practices and considered it as one of their strategic objectives. The fact that the majority of the institutions implemented digital libraries, IRs and other archives in their institutions shows that they were fully prepared to continue with the digital preservation activities. Bishoff and Smith (2015) also conducted a study of digital collection management activities at academic libraries to determine the status of their current digital content creation, management and preservation. Therefore, 66% of the respondents indicated that there was an overall commitment to digital content preservation at their institutions. A comparative study conducted by Bekele (2006) to examine the status of digital preservation practices in Botswana, Ethiopia and South Africa also showed that there was a growing awareness of the need to implement digital preservation programmes. The research revealed that 65% of the institutions surveyed were aware of the risks associated with inadequate preservation; however, only 35% had developed in-house guidelines or policies on how digital files could be managed. Bishoff and Smith (2015) also conducted a survey of digital collection management activities in academic libraries to reveal the status of their current digital content creation, management and preservation, and reported that 66% of their respondents indicated that there is an overall commitment to digital content preservation at their institutions.
The findings of this study also revealed that all of the institutions (22, 100%) stated that the major reason for digital content preservation was to ensure long-term access to digital resources. This is in line with the literature review that the main goal of preserving digital resources in academic libraries in South Africa is to ensure long-term preservation of these resources. The findings also agree with researchers such as ALA (2018), Beagrie and Jones (2008) and Das et al. (2009) who stated that the main rationale behind digital preservation was to ensure protection of information of enduring value for access by present and future generations.
It is, however, useful to break down what is understood as effective preservation in order to understand the process necessary to achieve the long-term preservation of digital objects. In order to gauge their understanding of effective preservation of digital resources, the respondents were asked to indicate the phrase(s) that best described the state of effective digital preservation in the academic institutions. Table 1 shows that all respondents considered effective preservation as a situation where data were preserved over a long period of time, and 21 (95.5%) responded that data should be found, extracted and served to a user. Again, 21 responded that if data were maintained in the repository without being damaged, lost or maliciously altered, then this will be considered effective digital preservation. Lastly, 18 (81.8%) of the respondents stated that effective digital preservation meant data could be interpreted and understood by a user.
The literature also reveals that for an institution to adopt and practise an efficient and effective digital preservation system, the engagement of digital preservation experts is vital to the successful implementation of the system (Rinehart, Prud'homme & Huot 2014) . Based on that, the study sought to determine the persons, departments or units that were responsible for implementing and facilitating digital preservation systems in the academic libraries in South Africa. The survey established that repository managers, digital preservation units, librarians, archivists and library management were responsible for implementing and facilitating digital preservation processes in the academic libraries. Repository managers were responsible for digital preservation in 16 (72.7%) academic libraries. This result may be partly explained by the fact that most of the academic libraries in South Africa have implemented IRs in an attempt to preserve their digital resources and are therefore managed by repository managers who are initiating digital preservation projects within their institutions (Masenya 2018) . However, five (22.7%) respondents indicated that the information technology (IT) division was responsible for implementing and facilitating digital preservation practices in their institutions. This is raising a concern especially because digital preservation is an integrative and complex task that requires a creative team from different areas of specialisation such as IT specialists, librarians, archivists and content managers, to mention a few. Therefore, there needs to be a collaboration of the technology-savvy and preservationsavvy advocates in order to elucidate a fundamental 'framework of basic concepts' to support digital preservation (Verheul 2006:268) .
The respondents were also asked about the level of the importance they attach to long-term preservation in their institutions. A combined score of 21 (95.5%) by the respondents indicated that long-term preservation of digital resources is very important or extremely important; only one (4.5%) respondent believed that it is somewhat important. However, Meddings (2011) found that despite 85% of respondents claiming that 'digital preservation is either 
Challenges hindering the effective preservation of digital materials in academic libraries
Despite making efforts to promote digital preservation, there are still many challenges that need to be addressed to ensure long-term preservation of digital resources in academic libraries in South Africa (Masenya 2018) . It was thus crucial to identify the challenges that hindered the effective preservation of digital resources in academic libraries in South Africa in order to identify practical and sustainable solutions to digital preservation problems. The questionnaire item to investigate the factors that hindered effective digital preservation consisted of a list of the different possible factors that may inhibit digital preservation in academic libraries.
The majority of respondents (18, 81.8%) considered inadequate staff with expertise in digitising resources and a knowledge and understanding of intellectual property rights and copyright issues as major challenges inhibiting the effective preservation of digital resources. The copyright issue relates to acquiring permission to use copyrightprotected content. Copyright issues should be investigated to ensure that proper intellectual property rights have been granted that are legally required to perform the actions necessary for long-term preservation (Corrado & Moulaison 2014:35) . Memory institutions must identify all content that is part of the project, as there may be content in the public domain, or protected content, and they may have to undertake a search to identify copyright holders, locate the holders and obtain required permission from them (Council of Canadian Academies 2015:51). This is followed by inadequate funding to purchase enough infrastructure with a score of 17 (77.3%), poor technology infrastructure scored 17 (77.3%) and lack of human resources scored 16 (72.7%).
Other preservation challenges included lack of relevant training, software obsolescence and low awareness on preservation issues with the same score of 15 (68.2%). These findings concur with the findings of several scholars (Ezema & Ugwu 2013; Kalusopa & Zulu 2009; Kanyengo 2006; Ngulube 2012 ) who revealed numerous issues and challenges concerning the preservation of digital resources among various organisations and institutions. These include lack of human capacity and skills, absence of established standards and policies, lack of knowledge and adequately trained personnel in managing digital resources, technological obsolescence because of constantly changing software and hardware, copyright and intellectual property rights, lack of collaboration efforts, poor ICT infrastructure and lack of awareness.
Studies undertaken by Sigauke and Nengomasha (2011) also identified some of the challenges that hindered the National Archives of Zimbabwe's efforts to preserve their historical records in the long term. These challenges included that staff required further training and exposure to modern digitisation technologies, an absence of a digitisation policy programme, inadequate funding and a lack of collaboration efforts. These challenges can pose threats and destabilise the implementation of digital preservation initiatives in an institution if management does not take immediate action. Again, respondents were given other possible options and asked to rank the general problems faced by their institutions in preserving their digital resources. Table 3 presents the general problems faced by academic libraries in preserving their digital resources: lack of knowledge in university leadership and lack of collaboration and partnerships with other institutions, with the same score of 13 (59.1%); inadequate resources (human and financial resources) and lack of management support, both with the same score of 11 (50.0%); followed by slowness in the implementation of the preservation policy, with a score of 10 (45.4%), recording a percentage score within the 50% -60% range.
This study focused on long-term preservation of digital resources in academic libraries in South Africa. To achieve this objective, it was also necessary to establish the challenges faced by academic institutions in providing access to digital content. A list of possible challenges identified in the literature was presented in the research questionnaire. The main problems encountered in providing access to digital content were staff's lack of training in digital preservation, with the score of 12 (54.5%), followed by poor management of digital resources (score 10, 45.4%), lack of procedure (score 9, 40.9%) Meddings (2011) also revealed that 41% of surveyed institutions that were participating in digital preservation programmes cited lack of human resources and limited budget as major digital preservation concerns.
It was also established that limited support from institutional leadership, lack of policy, lack of training and lack of motivation were inhibiting digital preservation growth in academic libraries. By implication, it could be that management in some of the institutions was not fully supporting digital preservation and, therefore, digital preservation practices were not prioritised. The results may also reflect that there is a lack of commitment in digital preservation practices by management within these institutions. Therefore, in order for digital preservation programmes to be effectively implemented, academic institutions often have to deal with many cost-related issues and need to allocate budget and more time to digital preservation practices.
Management support
Management support and consulting with some of the best digital preservation experts from other institutions is key in meeting the challenges of digital preservation (Rinehart et al. 2014) . Developing clear policies and processes requires effective leadership or library management that makes recommendations to staff about standards, technology options, feasibility and training. According to Corrado and Moulaison (2014) , management is responsible for creating policies and documentation, as well as the oversight of resource issues, namely human resources and financial resources. The majority (17, 77.3%) of respondents reported that their institutions had a written digital preservation policy in place, while only five (22.7%) indicated that they did not have a policy for digital preservation. The implication of these findings is that most of academic libraries in South Africa had paid attention to the development of digital preservation policies that guides in the preservation of their digital records. Although it was evident from the survey responses that management played an important role in crafting digital preservation policies and strategies and creating awareness of digital preservation in some of academic libraries, some of the respondents indicated that there is still a lack of clear policies, proper procedures and awareness in digital preservation in their institutions.
Some of the studies reviewed in this study, such as Gbaje (2011), Kalusopa and Zulu (2009) , Kanyengo (2006) and Keakopa (2006) , revealed that there were no policies and guidelines on the preservation of electronic records in most of the African institutions and organisations and this differs from the findings of this study. Also, Adu and Ngulube (2016) observed that although preservation policies attempt to address the issue of accessibility to information and recognise the potential role of ICT on national development, very little has been done on digital preservation infrastructure in public institutions in countries like Ghana. The differences in the results may be accounted for by the fact that the academic library environment may differ from archival institutions in the way they treat preservation issues. 
Conclusion and recommendations
The study established that most academic libraries in South Africa had implemented digital preservation programmes and it is therefore clear that these institutions made efforts to preserve their digital materials. Although ensuring longterm access to digital resources in academic libraries was very important, the findings revealed that academic institutions have been plagued by digital preservation challenges. Major concerns were inadequate resources and lack of practical capacity to preserve digital records, inadequate staff with expertise in digitising resources, intellectual property and copyright issues, inadequate funding to purchase enough infrastructure, poor technology infrastructure and software obsolescence. Other problems such as lack of management support, lack of knowledge by university leadership and slowness in implementing preservation were also identified.
Ensuring continued access to digital records also calls for collaborations and partnerships with other institutions. However, the study observed that in some instances, the academic institutions were not fully involved in collaborative and partnerships with other institutions. By collaborating and partnering with other institutions, they would be exposed to new ideas, strategies and tools, and be able to acquire knowledge and skills needed to successfully preserve and manage their digital resources. The findings also revealed the implementation of policies and strategies, allocating budget for all digital preservation efforts and initiatives, building a proper technology infrastructure, allocating adequate resources (human and financial resources), raising awareness and digital preservation knowledge and skills as some of the major factors for effective preservation of digital resources in academic libraries. This study therefore recommends that library management can address some of the digital preservation challenges if they leverage on these factors. A critical component in leveraging these factors is the implementation of the infrastructure supporting the reliability and sustainability of digital repositories so that digital resources will be preserved for the long term.
Digital preservation activities also have legal implications as preservation may infringe upon current copyright laws.
Copyright law and licensing arrangements should be properly managed so that they may not create problems for libraries that aim at preserving their digital resources in the long term or even short term. Policy makers and responsible staff in digital preservation thus need to identify where current copyright protection inhibit digital preservation and how technical strategies might impinge on copyright laws.
Factors such as the necessary resources to preserve the information, skilled and technical staff, budget provision by the parent organisation, institutional commitment and involvement of every staff member in the library, knowledge of metadata systems, selection of software (open source or commercial) and file formats, copyright issues and adherence to preservation standards thus need to be kept in mind before proceeding with digital preservation. For effective digital preservation, management in academic institutions should therefore:
• be ready to go extra mile to address issues and challenges as they arise by assembling very specific and concrete resources such as funding, the necessary infrastructure and equipment and organise training for staff; • consider getting external expertise and be in support of digital preservation initiatives;
• attend annual conferences and workshops, together with staff members who are responsible for facilitating digital preservation initiatives within their institutions, to discuss challenges they face and improvements on the system they would like to be made.
